Background: Clinically, D-dimer is the only established biomarker for the diagnosis of deep vein thrombosis (DVT). However, low specificity discounts its diagnostic value. Several publications have illustrated the differentially expressed circulating microRNAs (miRNAs) and their potential diagnostic values for DVT patients. Therefore, we systematically evaluated present researches and further performed bioinformatics analysis, to provide new insights into the diagnosis and underlying mechanisms of miRNAs in DVT.
Introduction
Deep vein thrombosis (DVT) refers to abnormal clot formation in a deep vein, mostly of the lower extremities. Patients with DVT may have swelling, erythema, and tenderness in affected extremity. [1] And worse still, detached thrombus traveling to the lung can result in pulmonary embolism (PE), a potentially life-threatening complication of DVT. For those who suffered from DVT previously, an average of three-tenths of patients can develop postthrombotic syndrome to some degree, [2] and 30% will have a recurrence within the next decade. [3] The quality of life was seriously influenced among these patients. Thus, accurate and early diagnosis is extremely important for the treatment of DVT patients. Plenty of laboratory biomarkers have been tried to detect DVT reliably, whereas none is superior to D-dimer, which is the best established and the only clinically utilized biomarker for DVT detection. However, low specificity discounts its diagnostic value. [4, 5] The level of D-dimer may also be elevated not only in DVT, but also in nonthrombotic disorders such as infection, disseminated intravascular coagulation, post-surgery, and stroke. [6] Emerging as the most promising novel biomarker in recent years, soluble P-selectin has a higher specificity than D-dimer in the diagnosis of lower extremity DVT. [7] Nevertheless, a consistent measurement and optimum cutoff point should be established. [8] Taken together, new and less invasive molecular markers are still required to alleviate patients' pain as well as save time and cost.
MiRNAs, consisting of 21 to 23 nucleotides, are endogenous and noncoding small RNAs. Through noncomplementary base pairing with target mRNAs, miRNAs regulate gene expression post-transcriptionally. [9] Circulating miRNAs refer to cell-free miRNAs in body fluids, such as plasma and serum. In 2008, Mitchell et al [10] first directly demonstrated that miRNAs were present in plasma stably and had a potential to detect prostate cancer. Since then, a surge of researches were conducted on circulating miRNAs serving as novel biomarkers in various diseases including cancer, acute myocardial infarction, and liver diseases. [11] [12] [13] Furthermore, platelets, coagulation factors and endothelial progenitor cells (EPCs) were also reported to interact with miRNAs. [14] [15] [16] Gradually, differentially expressed miRNAs in venous thrombosis received increasing attentions. Consequently, researching on miRNAs expression status in DVT may offer another molecular biomarker candidate. Meanwhile, the analysis of miRNA-target genes could enlighten new insights into the diagnosis, pathogenesis, and therapeutic options for DVT. Therefore, we systematically reviewed current updates regarding circulating miRNAs expression profiles and their target genes in DVT, aiming to provide a better understanding of the regulatory roles of circulating miRNAs in DVT.
Methods
Ethical approval was unnecessary for this study because this was a review of existing literatures and individual patient data was not involved.
Data sources and retrieval strategy
Before the work, a registration in PROSPERO was done and the number was CRD42017069305. Subsequently, a computer-based search was conducted for literatures published in databases PubMed, Embase, and Web of Science from January 2000 to April 2017. The searching subject headings were as follows: microRNA (miRNA, miR) combined with DVT (venous thrombosis, thromboembolism). Besides, all relevant references from retrieved articles were hand-searched individually. Additionally, English was the only language restricted.
Inclusion criteria and data collection
All types of articles evaluating miRNAs expression profiles in DVT were contained. As we are aiming to estimate the potential value of circulating miRNAs in DVT, samples taken from plasma or serum were appropriate, whereas those from tissue or cell lines were excluded. Moreover, although the target disease of this research was DVT, venous thromboembolism (VTE) comprising DVT and pulmonary embolism was also a suitable alternative. Each retrieved reference was read carefully and extracted data in detail. Significantly changed miRNAs were displayed to perform the subsequent analysis. QUADAS-2 checklist was used to assess the quality of included studies. Studies were assessed for the risk of bias and applicability concerns in patient selection, index test, reference standard, and flow and timing. [17] All these were carried out by 2 authors (JZY, WQ) separately. Discrepancies were determined by addressing together all of the participants.
Targets identification and functional annotation of miRNAs
MiRTarbase (http://mirtarbase.mbc.nctu.edu.tw/) was applied to identify target genes of meaningful miRNAs. MiRTarbase comprises >60,000 experimentally validated miRNA-target interactions (MTIs), providing comprehensive gene and miRNA expression data. [18] What's more, this database updates monthly, which is a guarantee of presenting the latest MTIs information. Based on the results from miRTarbase, an elaborate miRNA-target gene regulatory network was generated by Cytoscape 3.5.1 (http:// www.cytoscape.org/). As for target genes functional annotation, DAVID Bioinformatics Resources 6.8 (https://david.ncifcrf.gov/) was conducted to visualize and integrate the gene ontology (GO) and KEGG pathway analysis. [19] The GO terms cover the aspects of biological process, cellular component, and molecular function, whereas KEGG enrichment analysis mainly reflects molecular-level biochemical processes.
Statistical analysis
Studies varied widely in primary diseases, sampling time, and the way reference standard conducted. Given this relevant heterogeneity within available studies, it was not feasible to pool the results and conduct a meta-analysis. Hence, we carried out a narrative synthesis of available literatures and conducted an exhaustive bioinformatics analysis.
Results

Studies of circulating miRNA in DVT
A total of 192 publications were enrolled into the initial selection according to the screening techniques. Through removing duplicates and studies on tissues or certain cell lines, 13 potentially relevant articles were selected. Eventually, after further valuation, only 3 articles met the criteria for the final analysis. [20] [21] [22] The overview of retrieval process is presented in Figure 1 . Within the 3 enrolled Figure 1 . PRISMA flow chat.
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Medicine publications, 2 articles investigated miRNA expression profiles in patients with DVT, [20, 21] whereas another article was VTErelated. [22] Overall, 67 DVT and 20 VTE patients plus 219 controls were taken into our systematic review. Of the studied patients, the mean age ranged from 56 to 69 years, and the percentage of women varied from 38% to 80%. Most patients were not stated a specific primary disease, except that one population underwent orthopedic surgery. In methodology, both teams of Qin and Wang adopted pooling samples to decrease the heterogeneity among individuals, whereas the remaining one did not. The quality assessment of included studies revealed a generally good quality. However, potential risk of bias was detected in our review (Fig. 2) .
Significant miRNAs expression
The involved articles and significantly expressed miRNAs profiles were shown in Table 1 . [20] [21] [22] In total, 13 differentially expressed miRNAs were detected with 8 miRNAs upregulated and 5 downregulated. Notably, few overlapping genes exist, and miR-424-5p was the only common miRNA in two researches. The outcomes of miRNA expression profiles exhibited an obvious variation. Moreover, Wang et al [20] not only revealed the dysregulated miRNAs, but also demonstrated their association with hypercoagulability signatures. In detail, the concentration of miR-424-5p was consistent with D-dimer and APC-PCI levels in plasma, whereas miRNA-136-5p was negatively associated with these markers mentioned above. Besides, both of Wang et al [20] and Starikova et al [22] performed silico search and concluded some predicted target genes encoded for cell adhesion molecules, platelet, metalloproteases, and endothelial growth factors, which could eventually result in prothrombotic and proinflammatory conditions.
Identification target genes of significant miRNAs
MiRTarbase was used to identify target genes of differerntial miRNAs. Only genes in strong evidence group, namely genes validated by reporter assay, western blot, and quantitative real-time PCR (qPCR), were selected. Subsequently, a miRNAtarget gene network was visualized by Cytoscape software (Fig. 3) . In the network, 13 miRNAs and their 149 targets were constructed. On the whole, the distribution of target genes was found scattered. Three miRNAs (miR-199b-3p, miR-320b, miR-423-5p) even had no connection with the others. Only 15 genes (KLF4, BCL2L11, PTEN, MCL1, CCNE1, DICER1, MYB, CDK6, RUNX3, CDC25A, WEE1, CCND1, FASN, CCND3, BCL2) were predicted to be targeted by >2 miRNAs. The top 3 miRNAs that regulated most target genes were miR-195, miR-424-5p, and miR-10b-5p.
GO terms and KEGG pathways enrichment analysis
DAVID online software was performed to present the GO classification and KEGG pathway enrichment analysis. We set the statistically significant P value as <.05. GO enrichment analysis indicated that differentially expressed miRNA-target genes were enriched in biological processes covering metabolic process, cell proliferation, regulation of protein metabolic process, apoptotic process, cardiovascular system development, blood vessel development, angiogenesis, blood vessel morphogenesis, regulation of endothelial cell migration, and regulation of cell proliferation, most of which were reported to play a role in vasculogenesis. As for molecular function, protein binding, transcriptional activator activity, histone acetyltransferase binding, and ATP binding were significantly enriched. Meanwhile, cell component terms were enriched in nucleoplasm, cytosol, nucleus, and cytoplasm. The detailed GO terms were shown in Figure 4 . KEGG enrichment analysis (Table 2) revealed that the chief enriched pathways regulated by significant miRNAs converged on p53 signaling pathway, microRNAs in cancer, PI3K-Akt signaling pathway, cell cycle, mitogen-activated protein kinase (MAPK) signaling pathway, vascular endothelial growth factor (VEGF) signaling pathway, AMP-activated protein kinase (AMPK) signaling pathway, long-term depression, and apoptosis. Specially, PI3K-Akt signaling pathway and VEGF signaling pathway were likely to function in DVT. [20] Sweden Plasma microRNA ready-to-use PCR Panel miR-424-5p miR-136-5p Qin et al, 2015 [21] China Serum TaqMan microRNA array miR-582,miRÀ195,miR-532 -Starikova et al, 2015 [22] Norway Plasma microRNA ready-to-use PCR Panel miR-10b-5p,mir-320a, mir-320b, mirÀ424-5p, mir-423-5p miR-103a-3p,mir-191-5p, miR-301a-3p,miR-199b-3p PCR = polymerase chain reaction. 
Discussion
DVT seriously threatens human's life and health because of its high morbidity and mortality. For high-risk persons, active thromboprophylaxis may reduce the morbidity of DVT, but simultaneously increases the hemorrhage risk. Hence, accurate and early diagnosis is urgent and critical. In practice, clinical manifestations, laboratory tests, and imaging signs are the main diagnostic evidences for DVT. Circulating miRNAs, the emerging novel biomarkers, may detect DVT precisely as well as discover the underlying mechanisms. Circulating miRNAs are stable and reproducible in plasma and serum, [23] which are easily sampled and detected. Plentiful aberrantly expressed circulating miRNAs had been demonstrated to play regulatory roles in various diseases. All these findings facilitated the application of specific miRNAs as biomarkers and the development of liquid biopsy in clinic, additionally providing a better understanding of the potential pathogenesis. However, the diagnostic value and underlying regulatory roles of cell-free miRNAs in DVT are still ambiguous. Hence, in this article, we extracted data from current published experiments about circulating miRNAs in DVT and made a systematic review. To integrally recognize the biological function of miRNAs targets, we furthered our study by performing bioinformatics analysis.
Interestingly, the differentially expressed miRNA profiles varied a lot among the 3 included studies. Of the 13 special miRNAs, only miR-424-5p was identified by 2 studies. Concerning the differences, 3 points may account for this phenomenon. First, sample collection (pooling or not) and type (serum and plasma) are diverse. Secondly, there lie differences in the target diseases, for one composed of DVT and PE. Lastly, the underlying mechanisms may be not completely the same in DVT resulting from diverse risk factors, such as postorthopedic surgery, cancer, aging, or multiple trauma.
[ [24] [25] [26] [27] Circulating miR-424-5p, upregulated in plasma samples of patients suffering from DVT or VTE, was independently and significantly related to D-dimer and APC-PCI values, both of which were hypercoagulability indexes. Previous studies have demonstrated that miR-424-5p could promote monocytic differentiation and regulate cell cycle. [28, 29] In endothelial cells (ECs), miRNA-424 regulated cellautonomous angiogenic functions via targeting fibroblast growth factor receptor 1 (FGF1) and VEGF receptor 2 (VEGFR2). Overexpressed miRNA-424 could reduce the proliferation, migration, and cord formation of ECs. [30] As is known, the regeneration and vasculogenesis of ECs contribute to the formation and resolution of thrombi. [31] The change of miR-424-5p level in DVT is consistent with its biological function. Circulating miR-195 regulates the most putative target genes according to the miRNA-target gene network. It has been proved to be involved in various malignancies and acute myocardial infarction. [32] [33] [34] Also, it has a higher serum level and may be a potential biomarker for patients with DVT. Moreover, by targeting GABARAPL1, miR-195 regulates proliferation, migration, angiogenesis, and autophagy of human EPCs, which has become a promising therapeutic choice for DVT-related thrombus resolution. [35] Altogether, 13 special circulating miRNAs and 149 putative genes were identified. The functional annotation was proved to involve such GO terms as blood vessel development, angiogenesis, blood vessel morphogenesis, regulation of endothelial cell migration, and regulation of cell proliferation. They are speculated to partake in the underlying mechanism of DVT. According to Virchow's triad, one of the potential etiologic factors of DVT is endothelial injury or dysfunction. A study revealed that mature ECs play important roles in the development of thrombosis and hemostasis in different sites.
[31] Angiogenesis, a process to sprout new vessels, together with the migration and proliferation of mature ECs can be critical methods in vascular repair. It is probably a feedback of stimulation from thrombosis. Moreover, EPCs, capable to differentiate into ECs, can augment the formation of new blood vessel and promote the resolution of thrombus. [36, 37] Recently, several reports suggested that miRNAs derived from EPCs existed aberrant expression in DVT patients, contributing to the disorders of coagulation. [35, 38, 39] These achievements also provided novel therapeutic targets for DVT treatment.
Furthermore, 2 representative KEGG pathways, PI3K-Akt signaling pathway and VEGF signaling pathway, generated from miRNA-target genes, are likely to participate in the regulation of DVT. The 2 significant enriched pathways are closely linked to the formation of new blood vessels. VEGF is a potent angiogenic and proinflammatory cytokine. After VEGF binding to VEGFR-2, a cascade of different signaling pathways is activated including calcium signaling pathway and PI3K-Akt signaling pathway, eventually resulting in the proliferation and migration of ECs. [40] PI3K-Akt signaling pathway has been recognized as one of the apoptosis signaling pathways in vascular ECs. In this process, phosphor-Akt can further active endothelial nitric oxide synthase, and ultimately facilitate the migration of ECs, [41] which is critical to the regulation of vascular homeostasis and angiogenesis. Su et al [42] pointed out that the inhibition of PI3K signaling could be a promising curative target for thrombotic diseases. An experiment on rat DVT models indicated that overexpressed miR-126 induced an increase in PI3K and phosphor-Akt. [43] By means of targeting PIK3R2, miR-126 promoted PI3K-Akt activation, and then enhanced EPCsmediated vasculogenesis. All these led to a neovascularization and recanalization in DVT, suggesting that miR-126 might be a potential therapeutic intervention for DVT therapy.
In this assessment, we present a comprehensive relationship between circulating miRNAs and DVT. Nevertheless, limitations exist. One is the lack of eligible researches and small sample sizes concerning circulating miRNAs in venous thrombosis. Another deficiency derives from that thrombosis is a dynamic process, affected by plenty of factors, such as primary diseases, sampling time, and prophylactic anticoagulation. Hence, clinically relevant heterogeneity exists among the study populations from retrieved articles. Inevitably, challenges are present for that a single miRNA may target hundreds of genes, and a single gene could be targeted by lots of miRNAs. [44, 45] The formation of venous thrombus is a rather complicated result of coregulation by different miRNAs. It is crucial but extremely complicated to identify the precise mechanisms regulated by a certain miRNA.
Conclusions
In conclusion, we identified 13 abnormally expressed miRNAs and 149 predicted target genes in patients with DVT. Our comprehensive analysis helps to explore the underlying molecular mechanisms of miRNAs for DVT. However, the results of miRNAs used as biomarkers for DVT are not so encouraging. More in-depth and larger sample investigations are needed to explore the diagnostic and therapeutic values of miRNAs for DVT.
